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(54) DOPPLER-TYPE ULTRASONIC FLOWMETER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a Doppler-type 
ultrasonic flowmeter which can measure a flow rate from 
a flow velocity distribution of a fluid to be measured 
highly accurately, time-dependently and correctly by 
utilizing Doppler shift of ultrasonic waves not only in a 
steady state but also in a non-steady state. 
SOLUTION: The Doppler-type ultrasonic flowmeter 
includes an ultrasonic wave transmission means 15 for 
making ultrasonic pulses of required frequency fO 
incident to a fluid to be measured along a measurement 
line ML from an ultrasonic transducer 23, a fluid velocity 
distribution measurement means 1 6 for receiving 
ultrasonic echoes reflected from a measurement range 
among the ultrasonic pulses which are incident to the 
fluid 12 to be measured and measuring a flow velocity 
distribution of the fluid 12 in the measurement region, 
and a flow rate calculation means 17 for calculating an 
equation where a flow rate is m(t) based on the flow 
velocity distribution of the fluid 12. The flow rate 
calculation means 17 is designed to measure a flow rate based on the flow velocity distribution 
of the fluid 1 2 in the measurement region. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Ciaim(s)] 

[Claim 1] It is [Equation 1] when setting a flow rate to m (t) based on a fluid velocity-distribution 
measurement means receives the ultrasonic echo reflected from the measurement field among 
an ultrasonic transmitting means carry out incidence of the ultrasonic pulse of a necessary 
frequency into a measured fluid along with a measurement line from an ultrasonic transducer, 
and the ultrasonic pulse by which incidence was carried out to the measured fluid, and measure 
the velocity distribution of the measured fluid in a measurement field, and the velocity 
distribution of the above-mentioned measured fluid, 
m (t) =p J V (x • t) • dA 

▼ Cx - t) :^ratici5»«iSEfilc» 

The Doppler type ultrasonic flowmeter characterized by having a flow rate operation means to 
perform and measuring the flow rate of the measured fluid in said measurement field 

with the above-mentioned flow rate operation means. 

[Claim 2] it be [Equation 2] when set the flow rate of the measure fluid with which said flow rate 
operation means flow the inside of said piping while be arrange so that a measure fluid may be 
flowing fluid about piping, and the ultrasonic transducer of N individual (N>=1) may set spacing to 
the periphery side of piping in a hoop direction and the measurement line of the ultrasonic pulse 
transmit rnay pass along the predetermined point on the medial axis line of piping to m (t). 
m(t)=joJJvx(r-e«t) •r«dr«de 

fvx (r«e«t) - r^dr 

i N 

eu vx (r-(9. t) :s^mt\z^i)zmmmtsim±.<o'^&:^f5\mm[^ 

The Doppler type ultrasonic flowmeter according to claim 1 set up so that ****** might be 
performed. 

[Claim 3] The ultrasonic pulse transmitted from an ultrasonic transmitting means is the Doppler 
type ultrasonic flowmeter according to claim 1 with which the fundamental frequency which 
produces a resonance-transparency phenomenon to the wall thickness of piping was chosen. 
[Claim 4] An ultrasonic transducer sets necessary spacing to the hoop direction of piping, and 
the measurement line of the ultrasonic pulse emitted from each ultrasonic transducer while 
preparing is a Doppler type ultrasonic flowmeter according to claim 1 or 2 which only the include 
angle alpha was made to incline to the radiation direction of piping, and has been arranged N 
individual (N>=2). 

[Claim 5] A measurement field is a Doppler type ultrasonic flowmeter according to claim 1 
arranged so that at least two ultrasonic transducers to which it is a 2-dimensional flat surface 
and incidence of the ultrasonic pulse is carried out along the above-mentioned measurement 
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field may be prepared and the measurement line by the ultrasonic pulse from one ultrasonic 
transducer may cross once [ at least ] in the measurement line and said measurement field from 
an ultrasonic transducer of another side. 

[Claim 6] Three ultrasonic transducers which three ultrasonic transducers to which it is a 2- 
dimensional flat surface and incidence of the ultrasonic pulse is carried out along the above- 
mentioned measurement field make a group at a time, and 2 or more sets of measurement fields 
are prepared, and constitute the above-mentioned group are Doppler type ultrasonic flowmeters 
according to claim 1 arranged so that it may cross by one on said measurement field. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the Doppler type ultrasonic flowmeter which is 
applied to the Doppler type ultrasonic flowmeter which measures the flow rate of a measured 
fluid using the doppler shift of a supersonic wave, especially measures the flow rate of a 
measured fluid by the time-dependent from the velocity distribution of a measurement field in an 
instant. 
[0002] 

[Description of the Prior Art] It is divided roughly into the flowmeter which measures the flow 
rate of the measured fluid which flows the inside of piping by two kinds by the measurement 
principle. 

[0003] The 1 st flowmeter measures a flow rate using the amount of processes of flowing fluid 
changing the inside of piping to a flow direction, and there is an orifice meter in this kind of 
flowmeter. An orifice meter measures a flow rate by the orifice upstream and the downstream 
using the pressures of a fluid differing, and calls such a flow rate measurement approach 

average approximation" below. 
[0004] The 2nd flowmeter is mainly used for the hydrometry of the flow in piping, such as a tube. 

[0005] The rate of flow of an one point of the flow in piping, for example, the predetermined point 
on a tube axis, is measured, the velocity-distribution configuration in piping is assumed from a 
theoretical value based on the obtained measured value, this flowmeter is integrated with this 
ve ocity-distribution configuration, and a flow rate is calculated. Such a hydrometry approach is 
called approximation integration" below. 

[0006] The ultrasonic flowmeter which Irradiates a supersonic wave at the measured fluid which 
IS the measuring object, and measures the flow rate of a fluid in a flowmeter on the other hand is 
known. 

[0007] It is divided roughly into what measures a flow rate by average approximation in this 
ultrasonic flowmeter, and the thing which measures a flow rate by approximation integration. 
L0008J The ultrasonic flowmeter which adopted average approximation is with the case where an 
ultrasonic pulse progresses towards the upstream of the flow of a fluid in the time amount taken 
for an ultrasonic pulse to pass through for two points of fixed spacing, and that case where it 
progresses towards the lower stream of a river of flow conversely, it uses that only the rates of 
the flow of a fluid differ, asks for the mean velocity for two predetermined points, and measures 
a flow rate. 

[0009] Moreover, the ultrasonic flowmeter which adopted approximation integration finds the rate 
of the measured fluid of one on the medial axis of piping using the doppler shift method, 
measures a flow rate from this fluid rate, and has some which were indicated by JP,6-294670 A 
The ultrasonic flowmeter of this approximation integration is integrated in quest of the form of a 
velocity distribution from a theoretical value or a rule of thumb. For example, in the laminar-flow 
field in piping, since a velocity distribution appears in a parabola, it can calculate a flow rate by 
using the boundary condition in a tube wall using the fluid rate measured on the medial axis. 
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Since this theoretical solution is strictly materialized to the flow of a steady state, the ultrasonic 
flowmeter of approximation integration can be applied only to the flow of a steady state, and 
cannot respond to the flow of an unstationary state. 

[0010] Generally, the flow of viscous fluid is well known as an equation of Navia SUTOUSUKU 
(Navier-Stokes:NS). The conventional ultrasonic flowmeter disregards the time amount 
differential term of a NS equation, and is calculating the flow rate using the knowledge of flow 
distribution over a steady state. For this reason, a flow rate is changed in time, when the flowing 
space (flow field of a fluid) where approximation integration is not enacted is the measuring 
object, the accuracy of measurement falls remarkably or there is a possibility that the 
effectiveness of a measurement result may be spoiled. 

[001 1] The flowing space where the fluctuation time amount of a flow rate system is shorter 
than time amount required as such flowing space to take out an average stream flow, and the 
flowing space where flow is not fully developed are mentioned. In the case of the former, the 
time amount differential term of a NS equation does not become zero, and. in the case of the 
latter, single dimension approximation of a NS equation is not materialized 
[0012] 

[Problem(s) to be Solved by the Invention] Since it was flow rate measurement of the flow of a 
steady state while it is necessary to take the very long in-run who develops flow into the 
upstream of for example, a measurement part and the conventional flowmeter takes time 
amount, cost, and an effort in a piping facility, in order to be flow rate measurement in a steady 
state and to perform hydrometry in sufficient precision, it was difficult to perform flow rate 
measurement of the flow of an unstationary state. 

[0013] Moreover, since the conventional flowmeter makes the average stream flow of flowing 
fluid the measuring object for the inside of closed piping, such as a tube, it cannot measure the 
local flow rate of a bigger flow rate system. For example, the characteristic flow rate 
measurement accompanied by the time variation near the inlet port of a very big mixing vessel or 
near an outlet was not able to be measured in which flowmeter. 

[0014] By the way. to the flow of the measured fluid in the flow rate place of three-dimensions 
space being expressed with the vector quantity of three dimensions, in piping, the conventional 
flowmeter assumes the flow of a single dimension and performs flow rate measurement. For this 
reason, even if it is in closed piping, when flow is in three dimensions, the accuracy of 
measurement of a flow rate gets very bad. or becomes impossible. For example, immediately 
after piping bent like elbow piping or U character-like reversal piping, the flow of a fluid is in 
three dimensions according to a centrifugal-force operation, and even if it installs the 
conventional flowmeter in such a location, flow rate measurement cannot be performed on an 
effective target. 

[0015] This invention was made in consideration of the situation mentioned above, and aims at 
offering the Doppler type ultrasonic flowmeter which can measure the flow rate of a measured 
fluid with a sufficient precision correctly by the time-dependent using the doppler shift of a 
supersonic wave even if it is the flow of not only the flow of a steady state but an unstationary 
state. 

[0016] Other purposes of this invention measure the velocity distribution of the measured fluid 
which flows the inside of piping, and are to offer the Doppler type ultrasonic flowmeter which is 
excellent in responsibility and can measure the flow rate of the transient changed in time with a 
sufficient precision by non-contact. 

[0017] The purpose of further others of this invention Is to offer the Doppler type ultrasonic 
flowmeter which can measure the flow rate of a measured fluid with a sufficient precision 
efficiently also in the location where the part where the flow of a fluid is not fully developed, and 
flow are three dimensions in an Instant. 

[0018] Moreover, another purpose of this invention is to offer the Doppler type ultrasonic 
flowmeter which can measure partially some flow rates of the flow rate system which flows big 
space. 

[0019] Even if still more nearly another purpose of this invention is the opaque or translucent 
fluid which cannot apply the optical hydrometry approach, it is to offer the Doppler type 
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ultrasonic flowmeter which can measure a flow rate with a sufficient precision correctly 
[0020] 

[Means for Solving the Problem] In order that the Doppler type ultrasonic flowmeter concerning 
this invention may solve the technical problem mentioned above An ultrasonic transmitting 
means to carry out incidence of the ultrasonic pulse of a necessary frequency into a measured 
fluid along with a measurement line from an ultrasonic transducer as indicated to claim 1. It is 
[Equation 3] when setting a flow rate to m (t) based on a fluid velocity-distribution measurement 
means to receive the ultrasonic echo reflected from the measurement field among the ultrasonic 
pulses by which incidence was carried out to the measured fluid, and to measure the velocity 
distribution of the measured fluid in a measurement field, and the velocity distribution of the 
above-mentioned measured fluid, 
m (t) =p J V (x • t) • dA 

V (x • t ) : fl$B5 t ICfeJit 5aiEEefc$> 

It has a flow rate operation means to perform ******, and the flow rate of the measured fluid in 
said measurement field is measured with the above-mentioned flow rate operation means. 
[0021] In order that the Doppler type ultrasonic flowmeter concerning claim 2 may solve the 
technical problem mentioned above A measured fluid is flowing fluid about piping, and the 
ultrasonic transducer of N individual (N>=1) sets spacing to the periphery side of piping in a hoop 
direction. And it is [Equation 4] when setting the flow rate of the measured fluid with which said 
flow rate operation means flows the inside of said piping while being arranged so that the 
measurement line of the ultrasonic pulse transmitted may pass along the predetermined point on 
the medial-axis line of piping to m (t). 
m(t)=/3jjvx{r-^»t) - r- dr^de 

N ^ 

^pL Jvx{r-^»t) *r*dr 

' N 



It is set up so that ****** may be performed. 

[0022] In order that the Doppler type ultrasonic flowmeter concerning claim 3 may solve the 
technical problem mentioned above, the fundamental frequency which the ultrasonic pulse 
transmitted from an ultrasonic transmitting means makes produce a resonance-transparency 
phenomenon to the wall thickness of piping is chosen. 

[0023] In order that the Doppler type ultrasonic flowmeter concerning claim 4 may solve the 
technical problem mentioned above, while an ultrasonic transducer sets necessary spacing to 
the hoop direction of piping and prepares it in it N individual (N>=2), the measurement line of the 
ultrasonic pulse emitted from each ultrasonic transducer makes only an include angle alpha 
incline to the radiation direction of piping, and is arranged. 

[0024] In order that the Doppler type ultrasonic flowmeter concerning claim 5 may solve the 
technical problem mentioned above, a measurement field is a 2-dimensional flat surface, it 
prepares at least two ultrasonic transducers to which incidence of the ultrasonic pulse is carried 
out along the above-mentioned measurement field, and it arranges them so that the 
measurement line by the ultrasonic pulse from one ultrasonic transducer may cross once [ at 
least ] in the measurement line and said measurement field from an ultrasonic transducer of 
another side. 

[0025] In order that the Doppler type ultrasonic flowmeter concerning claim 6 may solve the 
technical problem mentioned above, three ultrasonic transducers to which it is a 2-dimensional 
flat surface and incidence of the ultrasonic pulse is carried out along the above-mentioned 
measurement field make a group at a time. 2 or more sets of measurement fields are prepared, 
and three ultrasonic transducers which constitute the above-mentioned group cross by one on 
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said measurement field. 
[0026] 

[Embodiment of the Invention] The gestalt of operation of the Doppler type ultrasonic flowmeter 
concerning this invention is explained with reference to an accompanying drawing. 
[0027] Drawing 1 is drawing showing the 1 st operation gestalt of the Doppler type ultrasonic 
flowmeter concerning this invention. The Doppler type ultrasonic flowmeter 10 measures the 
velocity distribution of the measured fluids 12, such as a liquid which flows the inside of piping 
1 1 , and a gas. and measures a flow rate by the time-dependent in an instant. 
[0028] The Doppler type ultrasonic flowmeter 10 is equipped with the ultrasonic velocity- 
distribution measurement unit (henceforth a UVP unit) 13 which measures the rate of flow of the 
measured fluid 12 which flows the inside of piping 1 1 by non-contact. An ultrasonic transmitting 
means 15 by which the UVP unit 13 makes the ultrasonic pulse of a necessary frequency 
(fundamental frequency fO) transmit to the measured fluid 12 along with the measurement line 
ML. A fluid velocity-distribution measurement means 16 to receive the ultrasonic echo reflected 
from the measurement field of the ultrasonic pulse by which incidence was carried out to the 
measured fluid 12, and to measure the velocity distribution of the measured fluid 12 in a 
measurement field, The computers 1 7. such as a microcomputer as a flow rate operation means 
to carry out data processing based on the velocity distribution of the measured fluid 1 2, to 
integrate with radial, and to calculate the flow rate of the measured fluid 12 by the time- 
dependent, and CPU. MPU, It has the display 18 which can be displayed serially for the output 
from this computer 17. 

[0029] The ultrasonic transmitting means 1 5 is the fundamental frequency fO, such as a 
necessary frequency, for example, 1MHz, 2MHz, and 4 etc.MHz. It has the signal generator 22 
which consists of an oscillator (oscillator) 20 made to generate an electrical signal and an 
emitter 21 (frequency Frpf) which outputs the electrical signal from this oscillator 20 in the 
shape of a pulse to predetermined every time interval (1-/FrplO. and is fundamental frequency fO 
from this signal generator 22. A pulse electrical signal is inputted into the ultrasonic transducer 
23. The ultrasonic transducer 23 is fundamental frequency fO by impression of a pulse electrical 
signal. An ultrasonic pulse is made to send along with the measurement line ML. An ultrasonic 
pulse is a beam of rectilinear-propagation nature which has almost no flare with the pulse width 
of about 5mm. 

[0030] The ultrasonic transducer 23 serves as the transceiver machine, and the ultrasonic 
transducer 23 receives the ultrasonic echo in which the sent ultrasonic pulse is reflected in the 
reflector in a fluid. A reflector is a foreign matter with which it is the air bubbles uniformly 
contained in the measured fluid 12, or is particle, such as impalpable powder of aluminum, or 
acoustic impedances differ in the measured fluid 12. 

[0031] The ultrasonic echo received by the ultrasonic transducer 23 is changed into an echo 
electrical signal by this transducer 23. After this echo electrical signal is amplified with an 
amplifier 24. it is digitized through A-D converter 25, and this digital echo signal is inputted into 
the velocity-distribution measurement circuit 26. In the velocity-distribution measurement 
circuit 26, it is the fundamental frequency fO from an oscillator 20. An electrical signal is 
digitized, it is inputted, change of the rate of flow based on a doppler shift is measured from the 
delta fi-equency of both signals, and the velocity distribution of the measurement field which 
meets the measurement line ML is computed. The velocity distribution in the cross section of 
piping 1 1 is measurable by proofreading the velocity distribution of a measurement field with the 
tilt angle alpha. 

[0032] Next, with reference to drawin g 2 . the working principle of the Doppler type ultrasonic 
flowmeter 1 0 is explained. 

[0033] As shown in drawing_2 (A), after only the include angle alpha has leaned and installed the 
ultrasonic transducer 23 in the flow direction of the measured body to the radiation direction of 
piping 1 1 The ultrasonic transducer 23 to necessary frequency fO When incidence of the 
ultrasonic pulse is carried out, as this ultrasonic pulse is reflected in the measured fluid 1 2 on 
the measurement line ML in the reflector distributed uniformly and it is shown in drawing 2 (B) It 
is set to ultrasonic echo a and returned to the ultrasonic transducer 23. In addition, in drawing_2 
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(B). Sign b is a multiple reflection echo reflected with the tube wall by the side of ultrasonic 
pulse incidence, and Sign c is a multiple reflection echo reflected with an opposite side tube wall, 
dispatch spacing of the ultrasonic pulse sent from the ultrasonic transducer 23 — 1-/Frpf it is . 
[0034] And if filtering processing of the echo signal sent by the ultrasonic transducer 23 is 
carried out and a velocity distribution is measured along with the measurement line ML using the 
doppler shift method, it will be displayed like drawin g 2 (C). This velocity distribution can be 
measured with the fluid velocity-distribution measurement means 16 of the UVP unit 13. 
[0035] The doppler shift method applies the principle to which only the magnitude to which it 
was reflected by the reflector of mixture or uniform distribution into the fluid 12, and became an 
ultrasonic echo, and the frequency of this ultrasonic echo is proportional to the rate of flow 
when the ultrasonic pulse was emitted into flowing fluid 12 carries out the frequency shift of the 
inside of piping 11. 

[0036] Moreover, the velocity-distribution signal of the measured fluid 12 measured with the 
ultrasonic fluid velocity-distribution measurement means 16 can be sent to the computer 17 as 
a flow rate operation means, can integrate with a velocity-distribution signal to radial [ of piping 
1 1 ] here, and can calculate the flow rate of the measured fluid 12 by the time-dependent. If the 
flow rate in the time amount t of this fluid 12 is set to m (t). it can express with a degree type 
[0037] 
[Equation 5] 

m (t) =|0 J V (x • t ) • dA (1) 

V (x- t) :^pat{cfc«:JsiiaMb^ (x:^rsj) 

(1) Flowing flow rate [ of time amount t ] m (t) can rewrite piping 1 1 from a formula to a degree 
type. 

[0038] 

[Equation 6] 

m(t)=pjjvx(r-^«t) » r * d T • de (2) 

fiU vx (r • e . t) :^Pa tl3*5fj':&Elf8IB{B±<D4"L^;6>^> 

(2) From a formula, the Doppler type ultrasonic flowmeter 10 can acquire the spatial distribution 
of the flow of the measured fluid 12 with the speed of response of instant, for example, 50msec 
(s), 100msec extent, the case where time fluctuation exists by the case where sufficient run- 
up section cannot be taken even if the measured fluid 12 is the flow in piping (tube) 11, closing 
motion of a valve, a Start pump, a halt, etc. — the flow of a fluid ~ an unstationary state ~ 
three-dimensions distribution ~ ****. although it is since this Doppler type ultrasonic flowmeter 
10 can search for the velocity distribution of a measurement field by the time-dependent in an 
instant ~ the flow rate of the measured fluid 12 — a steady state and an unstationary state — 
how cannot be asked but it can ask with a sufficient precision correctly. 

[0039] Since the Doppler type ultrasonic flowmeter 10 measures the flow rate of a measured 
fluid by the line measuring method of the velocity distribution using the doppler shift of an 
ultrasonic pulse echo, in order to raise the accuracy of measurement, it needs to increase the 
number of the measurement lines ML, as a result the installation number of the ultrasonic 
transducer 23. The measurement line ML does the include-angle alpha inclination of the 
ultrasonic transducer 23 of N individual mentioned later in fact to the perpendicular to a tube 
wall by setting and installing necessary spacing in the hoop direction of piping 1 1, and it is set so 
that all the measurement lines ML may pass along the axis of piping 11. 

[0040] Then, supposing the flow of the measured fluid 12 which flows the inside of piping 1 1 can 
disregard radial, the flow vr of an include angle theta, and vtheta by the flow of the direction of a 
tube axis, It is set to vx»vr=vtheta. and it is simplified and flow rate measurement is expressed 
with a degree type. 
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[0041] 

[Equation 7] 

, ^ S 2;r .8 
"* "i ' I-R ("^-^i ♦ t)/sina) . r .dr 

(3) 

Thus, the flow rate of the calied-for measured fluid 1 2 can be displayed by the time-dependent 
with a display 18 in an instant. The velocity distribution which meets the measurement line ML in 
the piping 1 1 of the measured fluid 12. or the velocity distribution in the piping cross section can 
also be displayed on this display 18. 

(A) About the ultrasonic transmission property, by the way. when this invention person verified 
the tubing transparency property of an ultrasonic beam (ultrasonic pulse) in installing the 
ultrasonic transducer 23 in the outer wall of piping 1 1. he did the knowledge of a resonance 
transparency phenomenon existing between the fundamental frequency of a supersonic wave, 
and wall thickness for the first time. 

[0042] In the velocity distribution in the piping 1 1 using an ultrasonic flowmeter 10. as a result 
measurement of a flow rate, the ultrasonic pulse sent from the ultrasonic transducer 23 
penetrates a piping wail, enters in the measured fluid 1 2, is reflected with the reflector in a fluid, 
an ultrasonic echo is produced, and this ultrasonic echo penetrates a piping wall again, and is 
received by the same transducer 23. The SN ratio of an ultrasonic echo signal is greatly 
influenced by the ultrasonic permeability which penetrates the solid-state wall which is a piping 
wall in that case. 

[0043] It is known that ultrasonic permeability will be involved in the acoustic-impedance ratio of 
a fluid and a solid-state. When a measured fluid is water and it makes a supersonic wave 
penetrate from water to a metal solid-state wall, since the acoustic-impedance ratio is large, 
permeability is low. For this reason, the ultrasonic measurement from the outside of piping which 
IS a metal wall had the difficulty on measurement. 

[0044] However, ultrasonic permeability is the fundamental frequency fO of wall thickness or a 
supersonic wave. The knowledge of being related was able to be carried out. It is based on this 
knowledge and is the fundamental frequency fO of wall thickness or a supersonic wave. The wall 
transparency property of a supersonic wave overall as a parameter was investigated, and it 
verified experimentally. 

[0045] In the experiment, doppler shift reinforcement was analyzed and the transparency 
property of a supersonic wave was verified. 

[0046] When an acoustic impedance is set to z. it is a solution layer(water) z1. Solid-state wall 
22 of wall thickness d (tube wall) Generally the ultrasonic transmission coefficient D is expressed 
with a degree type. 
[0047] 

[Equati on 8] 

D=l/Vl + l/4 (m-l/m) .sin C2;rd/a) (4) 

Di:awyng_3 is drawing showing the ultrasonic permeability of acrylic resin and stainless steel, and 
water. Sign e shows the ultrasonic transmission curve of stainless steel, and Sign f shows the 
ultrasonic transmission curve of acrylic resin, respectively. The wall thickness [d/lambda] to the 
wavelength which ultrasonic permeability gives the maximal value and the minimal value from 
drawing 3 is [Equation 9]. 

[d/;.] nax = 0. — — -i_ - 

2 2 ■ 2 ■ 2 ~ 2 

[c//.] Din = ^ . . _5_ ^ 2n + l 

4 4*4 4 



(5) 



[0048] In this ultrasonic transparency characterization trial, the product made of acrylic resin, 
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the product made from aluminum, and the tube made from stainless steel with a bore [ phi ] of 
25mm frorn which the wall thickness of piping differs were used, and water was used as a sample 
offering fluid. The used supersonic wave is fundamental frequency fO. It is the pulse beam which 
are 2MH2 and 4MHz. The ultrasonic transparency property of the stainless steel pipe when using 
the aluminium pipe when using an ultrasonic pulse (2MHz and 4MHz) and a 2MH2 ultrasonic pulse 
is shown in drawing_4 and drawing 5 , respectively. An axis of ordinate shows Doppler 
reinforcement (arbitration value) for a wall thickness ratio [ as opposed to the wavelength of an 
ultrasonic pulse in an axis of abscissa ], respectively. 

[0049] In an aluminium pipe, there is Doppler reinforcement strong at the time of 1/2 wave and 
1/1 wave from drawing 4 . and in a stainless steel pipe, as shown in drawing 5 at the time of 1/2 
wave, strong Doppler reinforcement exists. 

[0050] Fundamental frequency fO which has 1/2 wave and 1/1 wave from the analysis of this 
drawing 4 and drawing 5 to wall thickness by the aluminium pipe It turns out that the 
transparency phenomenon strong against a supersonic wave has occurred in resonance, and is 
1/2 wave of fundamental frequency fO to wall thickness at a stainless steel pipe. It turns out 
that the transparency phenomenon strong against a supersonic wave has arisen in resonance. 
[0051] Fundamental frequency fO which produces a resonance transparency phenomenon to the 
wall thickness of piping 1 1 in measuring the velocity distribution of the measured fluid which 
flows the inside of piping and measuring a flow rate from this drawing 4 and the ultrasonic 
transparency property analysis result of drawing 5 A supersonic wave is chosen. Fundamental 
frequency fO of this supersonic wave It is suitably chosen by adjusting the frequency of the 
electrical signal generated and blamed with an oscillator 20. 

(B) When the response characteristic over the excessive flow rate which flows the inside of 
piping 1 1 using the Doppler type ultrasonic flowmeter in this operation gestalt about the 
response characteristic of a Doppler type ultrasonic flowmeter was examined, as shown in 
drawing 6 , the rapid-response property was shown very much. 

[0052] It is necessary to make this excessive hydrometry produce a very early flow rate change 
in piping 11. Since an early flow rate change was produced in piping 11. while aperture used 
25mmphi and small juxtaposition piping of two, and installing the Doppler type ultrasonic 
flowmeter 10 in one piping and installing the electromagnetic flowmeter in piping of another side, 
respectively, the solenoid valve was formed in the 1 side of juxtaposition piping, and the 
response trial at the time of excess was performed by making this solenoid valve open and close. 

[0053] In this excessive flow rate response trial, the flow of a measured fluid was fully developed 
in the measuring point (an ultrasonic flowmeter and electromagnetic-flowmeter installation 
location), and the electromagnetic flowmeter and the ultrasonic flowmeter 10 performed the flow 
rate monitor, respectively. The hydrometry of the measured fluid by the ultrasonic flowmeter 10 
searched for the velocity distribution on a piping diameter along the direction of a measurement 
line by one ultrasonic transducer 23, integrated with this velocity distribution, and made it the 
flow rate. 

[0054] If a Doppler type ultrasonic flowmeter is used, since the start and the fall at the time of 
solenoid-valve ON-OFF are and a response characteristic can measure with early and a 

very sufficient precision, the flow rate to the flow of an unstationary state can also be measured 
With a sufficient precision. For this reason, the rate of flow on the medial axis in piping was able 
to be measured, and a big predominance was able to be checked also to the conventional 
Doppler type ultrasonic flowmeter which assumes a velocity distribution from a theoretical value 
and calculates a flow rate. 

[0055] Next, the 2nd operation gestalt of the Doppler type ultrasonic flowmeter concerning this 
invention is explained with reference to an accompanying drawing. 

[0056] Drawing 7 shows the 2nd operation gestalt of the Doppler type ultrasonic flowmeter 
concerning this invention. Ultrasonic flowmeter 10A shown in this operation gestalt sets 
necessary spacing for piping 1 1 in a hoop direction, and arranges ultrasonic transducer 23i (i= 1 2 

N) of N individual (N>=2) for it at a radial. While each ultrasonic transducer 23i is arranged so 
that the measurement line ML may pass along the tube-axial line of piping 1 1. it is made to 
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incline at an include angle alpha to the perpendicular to a piping tube axis in the flow direction of 
the measured fluid 12. 

[0057] It requires Doppler type ultrasonic flowmeter 10A increasing the number of the 
measurement lines ML from ultrasonic transducer 23i so much, and bringing it close to field 
measurement, in order to raise the hydrometry precision of a measured fluid, since it is the line 
measuring method of the velocity distribution using a doppler shift (frequency shift). 
[0058] Moreover, in this Doppler type ultrasonic flowmeter 10A. the approach of preparing one 
set of a multiplexer 30 between the UVP unit 1 3 and each ultrasonic transducer 23i. and shaking 
a signal at it is adopted. Reduction of cost can be aimed at. although one set of a multiplexer 30 
is prepared, an ultrasonic pulse electrical signal is distributed or the time amount which 
measurement takes becomes long by carrying out processing which transmits each ultrasonic 
echo electrical signal to a computer 17 conversely. Even if it forms a multiplexer 30. the rapidity 
for which the flowmeter by which the current demand is carried out is asked is fully maintainable. 
Since other configurations do not differ from the Doppler type ultrasonic flowmeter 10 shown in 
drawing_l . they attach the same sign and omit explanation. 

[0059] Flow rate [ of time amount t ] m (t) which flows the inside of piping 1 1 is expressed to 
piping 1 1 like (2) types to a degree type in ultrasonic transducer 23i (i= 1 — N) at the time of N 
individual installation beam. 
[0060] 

[Equation 10] 

niCt)=pJ'Jv^ (r«fl-t) ' r ' d T ' d 0 
n K . 

t — ) £ {| (r - 6* i • t) • r ♦ d r (6) 

From this (6) type. Doppler type ultrasonic flowmeter 10A The spatial distribution of the flow of 
the measured fluid 12 can be acquired at a rapid-response rate along with each measurement 
line ML. Also when time fluctuation exists by the case where run-up section sufficient by flow 
with unsteady piping 11 cannot be taken, closing motion of a valve, or a Start pump and a halt 
and curvilinear passage is formed like elbow piping or U typeface piping, the velocity distribution 
and flow rate of flowing fluid can be correctly measured with a sufficient precision for the inside 
of piping. 

[0061] After setting from the UVP unit 13 to time amount t, specifically sending the velocity 
distribution on the measurement line ML of each ultrasonic transducer 231 to the computer 17 
and integrating this computer 17 with the velocity distribution on the measurement line ML of N 
book to radial, an integral value is totaled and the flow rate of a measured fluid is calculated. 
With a display 18, installation of a measured fluid is displayed by time series. 
[0062] In the 2nd operation gestalt. although the example which installed eight ultrasonic 
transducers 23 in the peripheral wall of piping 1 1 was shown, in this case, the ultrasonic 
transducer 32 sets spacing to a hoop direction, and should just prepare it in it at least two 
pieces at the peripheral wall of piping 1 1. In that case, it is arranged so that the measurement 
line ML of an ultrasonic pulse sent from each ultrasonic transducer 23 may cross once [ at 
least ] in a measurement field. 

[0063] Although this Doppler type ultrasonic flowmeter 10A is the line measuring method of the 
velocity distribution using the echo of an ultrasonic pulse sent from the ultrasonic transducer 23 
carrying out a doppler shift . by making the measurement line of the ultrasonic pulse from each 
ultrasonic transducer 23 cross once [ at least ] in a measurement field . it can consider as flat 
surface (two dimensions ) measurement . space information is acquired in an instant . and its 
accuracy of measurement improves . 

[0064] in that case, the measurement line of an ultrasonic pulse by which three pieces are sent 
[ group ] at a time in nothing and a group from three ultrasonic transducers 23 to make arranges 
the ultrasonic transducer 23 so that it may cross by one in a measurement field — the velocity 
vector of an intersection — being three-dimensional (three dimensions) ~ it can measure 
Therefore, the rate of flow of the measured fluid which bends like elbow piping or U character- 
like piping, and flows in piping by having at least 2 sets of ultrasonic transducers 23 which make 
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three groups at a time can also be measured with a sufficient precision. 

[A] In the approach of searching for time-dependent vector distribution of a measured fluid, and 
time, if the diameter 1 1 of macrostomia, for example, 280mm piping, is used comparatively, it will 
be thought that the velocity distribution of the measured fluid which flows the interior turns into 
three-dimension distribution, and, in many cases, the flow of the fluid within the diameter piping 
1 1 of macrostomia will serve as unsteady flow of a three dimension. 

[0065] In the experiment of laboratory level, prepared, and ultrasonic transducer 23i was installed 
in the location of 590mm in 20 hoop directions from the rectifier which does not illustrate the 
piping 1 1 (inner tube) with an aperture of 280mm made of acrylic resin, and was installed in the 
radial at equal intervals. The flow of the measured fluid in the test section which is the 
installation section of this transducer 23i serves as an underdeveloped style. Each ultrasonic 
transducer 23i set angle-of-inclination alpha of a fluid flow direction as 20 degrees to the tube 
wall perpendicular of piping 11. 

[0066] With the piping structure of ultrasonic transducer 23i in this Doppler type ultrasonic 
flowmeter, as substantially shown in drawing 8 from 20 measurement lines ML, it asks for the 
two-dimensional velocity vector on 231 intersections. That is, two-dimensional mapping was able 
to be performed for the flow of the measured fluid 12 in the diameter piping 1 1 of macrostomia 
on the piping cross section (the tilt angle alpha in the measurement line ML (20 degrees) can be 
proofread easily [ the direction of the cross section ].). and velocity vector distribution of a 
time-dependent was able to be searched for. this time — the flow rate of the measured fluid 12 

- 27 I/sec it is when the UVP unit 13 was optimized according to this flow rate, time amount 
required to search for the velocity distribution of one sheet was 64msec(s). 
[0067] In this experiment, the thing of the type which carried out the internal organs of the 
multi-presser 30 to the UVP unit 13 was used, and it was used in the mode which changes each 
ultrasonic transducer 23i for every profile measurement of 1024 sheets. Moreover, in this 
experiment, only acquisition of velocity-distribution data was performed and data processing of 
the calculus of vectors for two-dimensional mapping was carried out by computer 1 7 by which 
off-line connection was made. Drawing 8 shows the velocity vector Fig. in the time average of 
the measured fluid 12 which flows the inside of the diameter piping 11 of macrostomia 
(280mmphi) called for by doing in this way. As shown also in this time-dependent vector 
distribution map, the flow of the upper right part of drawing 8 or a lower left part is disturbed 
and it has become unsteady flow. 

[B] The Doppler type ultrasonic flowmeter performed the hydrometry trial using the velocity 
distribution and the hydrometry trial, next industrial use stainless steel piping (bore 250mmphi 
400mmphi) under ordinary temperature ordinary pressure. In this hydrometry trial, it examined by 
changing various the fundamental frequency fO of the ultrasonic pulse transmitted from the 
ultrasonic transducer 23. paths of the ultrasonic transducer 23. and the wearing approaches in 
consideration of application in a system plant. 

[0068] the test rig for circulation of fluid which this hydrometry trial equipped with the pump for 
circulation ~ constituting — the inside of this test rig ~ the tank for degassing besides two 
circulating pumps, a flow control valve, and the object for the circulating water impurity removal 
a Smicro microfilter installed, and about 7m stainless-steel piping used for the measurement 
test piping section of a test rig. the Doppler type ultrasonic flowmeter attached in the center 
mostly, and equipped the upstream of a trial test section with a honeycomb plate, and that 
downstream equipped with an orifice type flowmeter and an electromagnetic flowmeter further 
respectively. 

[0069] The hydrometry trial experimented about a steady flow and unsteady flow using stainless 
steel piping of 250mmphi and 400mmphi. The dispatch fundamental frequency of an ultrasonic 
transducer changed whenever [ angle-of-incidence ]. and the diameter of a transducer by 1 and 
2 or 4MHz. and carried out the survey of the optimal Measuring condition 
[0070] Fundamental frequency fO Stainless steel piping (bore 250mmphi) whose stainless steel 
transparency thickness of 1MHz and the measurement trial section is 2.87mm is prepared, and 
the velocity-distribution measurement result by one ultrasonic transducer 23 is shown in drawing 
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[0071] Although drawing 9 has not amended whenever [ from an ultrasonic transducer / angle- 
of-incidence ] and the effect of [ near / by the side of ultrasonic incidence / the wall ] and the 
effect of a reflective echo are non-amended data, an ultrasonic echo is well caught through 
stainless steel piping, and the velocity distribution is clearly measured with a sufficient precision. 
The ultrasonic echo was able to detect the velocity distribution with a sufficient precision 
correctly in the remaining part, especially the radial parts of an ultrasonic incidence side and the 
opposite side except not being vividly displayed near the wall by the side of ultrasonic pulse 
incidence by a certain cause. 

[0072] Moreover, also to fluctuation of the flow of the time of excess, the Doppler type 
ultrasonic flowmeter could answer at the rate of 50msec - 100msec. and compared the 
measurement data of the velocity distribution and hydrometry trial under ordinary temperature 
ordinary pressure with the measured value by the orifice type (differential pressure) flowmeter 
and the electromagnetic flowmeter. A comparison result is shown in drawing 10 and drawing 1 1 . 
[0073] DrayyjngJM expands partially the excessive response characteristic when being shown in 
drawLngJO . The basis was also boiled [ curve / g / by the ultrasonic flowmeter 10 at the time of 
excessive / response characteristic / as shown in drawing 10 and drawing 1 1 / the response 
characteristic curve h of an electromagnetic flowmeter ] at the time of flow rate reduction (at 
the time of a fall) also at the time of the increment in a flow rate (at the time of the start), the 
rapid-response property was acquired very much, and it was a rapid-response. property almost 
equivalent to the response characteristic curve i by the orifice type flowmeter. 
[0074] Therefore, if a Doppler equation ultrasonic flowmeter is used, compared with an 
electromagnetic flowmeter, a response characteristic can measure with a sufficient precision by 
non-contact very early, and the flow rate to the flow of the unstationary state which considered 
the time amount differential term of a NS equation can also be measured with a sufficient 
precision. For this reason, the rate of flow on the medial axis in piping was able to be measured, 
and a big predominance was able to be checked also to the conventional Doppler type ultrasonic 
flowmeter which assumes a velocity distribution from a theoretical value and calculates a flow 
rate. 

[0075] Drawing 12 shows the 3rd operation gestalt of the Doppler type ultrasonic flowmeter 
concerning this invention. 

[0076] Doppler type ultrasonic flowmeter 10B shown in this operation gestalt prepares the UVP 
unit 13 for every ultrasonic transducer 23i, and can control an ultrasonic transducer now by each 
UVP unit 13 according to an individual. Since other configurations do not differ from the 
ultrasonic flowmeter shown in drawing 7 , they omit explanation. 

[0077] Doppler type ultrasonic flowmeter 10B shown in drawing 12 is the fundamental frequency 
fO from each UVP unit 13. although it becomes the part cost rise since each ultrasonic 
transducer 23i of every was equipped with the UVP unit 13. Since accommodation control is 
carried out and it can determine independently according to an individual, it is suitable when the 
case where the wall thickness of piping 1 1 is not uniform, the velocity distribution in a high 
speed, and hydrometry are required. 
[0078] 

[Effect of the Invention] Since the flow rate which can measure the velocity distribution of a 
measured fluid along a measurement field using the doppler shift of a supersonic wave in the 
Doppler type ultrasonic flowmeter applied to this invention as stated above, integrates with this 
velocity distribution, and flows a measurement field is measurable with quickly sufficient 
responsibility by the time-dependent, it is correctly accurate also about not only the flow of a 
steady state but an unstationary state flowing, and can measure by non-contact. 
[0079] Moreover, the Doppler type ultrasonic flowmeter concerning this invention can measure 
the velocity distribution of the measured fluid which flows the inside of piping with a sufficient 
precision by non-contact along with a measurement line using the TOPPURA shift of a 
supersonic wave, and can measure the flow rate of the transient changed in time with a 
sufficient precision by the time-dependent. 

[0080] Furthermore, since the ultrasonic pulse to which the Doppler type ultrasonic flowmeter 
concerning this invention is transmitted from an ultrasonic transmitting means was chosen as 
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the fundamental frequency which produces a resonance-transparency phenomenon to wall 
thickness, such as piping, it can make the ultrasonic pulse sent from an ultrasonic transducer 
able to transmit and receive efficiently by the S/N ratio excellent in the measured fluid, and can 
raise the accuracy of measurement of a velocity distribution or a flow rate. 
[0081] When at least two ultrasonic transducers are prepared and the measurement line by the 
ultrasonic pulse from one transducer makes it cross once [ at least ] in the measurement line 
and measurement field from an ultrasonic transducer of another side further again, it can ask for 
the velocity vector in an intersection with a sufficient precision more correctly, and the 
measurement precision of a flow rate can be raised. Furthermore, if it arranges so that the 
measurement line by the ultrasonic pulse to which three ultrasonic transducers are sent at a 
time in a group from three ultrasonic transducers which constitute nothing and a group may 
cross by one on a measurement field, it can ask for the velocity vector in a crossover location in 
three dimensions, and the velocity distribution on curvilinear passage like elbow piping or U 
character-like piping can also be measured correctly. 

[0082] Moreover, the Doppler type ultrasonic flowmeter concerning this invention can measure 
serially some flow rates of the flow rate system which flows big space by the time-dependent by 
measuring the velocity distribution which meets the measurement line of a measured fluid using 
a doppler shift. Furthermore, it is accurate and the flow rate of the opaque or translucent fluid 
which cannot apply the optical hydrometry approach can also be measured correctly. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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®B^jffi3^=:i-ti. CCD h^>;7,s;^:x--y-2 3r'xn-'^ 
mH-^CC^I^^*!^, CCDxa-S^M^t3:tiftii^2 4 

xm^M^ntcik. ADm^s2 s^m^xy'iy^Mt^ 
ti. c<Dy=t^^ji'jLzi-'m^^mm^^nmm^23(:c 

^(om^m-imLfo (omm.m^^^y=iy^Mt;^tiX7^.t} 
strict xmm 1 1 cDaB;T®cc:tet:t i>mm^^^im 

[0 03 2 ] y^tc. EI2€r#Beur F y^SCffi^SfiS 

Sit 1 ocoi'mmm^mmr^. 

[003 3 } @2 (A) ^ifv-Tcfc^iC, mWiS.V'y^y^ 
50 2 3^12^1 lCDft«75rrfi)(C*fLftKa/ct-^*6 



(5) 



2 (B) ^c^-rJ:'!)OC. S^igxrJ-a (hJ:c-:5Te^ig 
h^>;^t^^-1f 2 3^K5n-E)o ^c*3, 02 (B) «: 

[0 0 3 4] -^LT. m'^mh'y>Xlyz^-^2 3X^^ 

^t. mz (c) <Dj:^^cs^$n^. c (Z)tsa53^i?jti 
u V piiz- h 1 3 (DitLwmm^mwi^^m 1 6 -caijs* 

m (t) =jo f V (x - t) - dA 
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[0 03 5 ] F^^^y^v-:? hmt. le^i m^isn^ 

[0 03 6 ] ^fc. mw^mi^mR^^mmma, i 6 -c 

{t#?:ie«i aste?j£t$i 2cd 

8*p^tccfct^^g£s^m (t) i-r-si. :^:^xmt>r 

[0 0 3 7 ] 
[^5] 

CD 



( 1 ) S;A^^5i3® 1 1 ^mti^^m t (D^jSMm ( t ) ^[0 03 8 ] 

m(t)=pjjvx(r*6*t) - r^dr-d^ 
<aU V X (r • e • t) 



C2) 



30 



WlW 1 2 cDfian(DI&Pa^7l?*KB#. 5 0msec~ 1 

iti 2m^m mm) i ip^(Dmtix$,^xh. %^f^ 
[00 3 9 ] K ^*'7^^?gissit 1 0 . m'^m^^ 

M^XUWi^ikW<DT[Mm^i^iS^'r ^ (DX$> ^t^h. a»J*40 

J -I 



^2 3^wm\ I (omii\^^c^mor^m^ir5i^x^m. 
[ 0 0 4 0 ] -e cr\ S3^ 1 1 rt*7j£n€>«S'JS?jrj* i 

[0 04 1] 



m Ct) =S 



N 



{v ir * 6 . t) /sina} • r 



d r 
■• (3) 



Jisi s(^j:^mmm^xm^(^m^r^cti)sxt 
(A) M^^^a^4$l^<-cot^r 



12^1 1 o^'figC'C^M-r^cc^o. ffl^iSt'-A 

t^W^X^^Utc. 

[0042 ] ®#^g{SStt 1 0 ^ffll^/cl2^ 1 1 ^(Di^L 

50 9-2 37:>^e)fs^i^n/cMe^^g?>'^•;^:^(^ie^|$:&ailo 



C6) 



[0 04 3 ] M^iSSM^t^. ?Sft<hll($(?)^^^>b* 
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[0 0 4 5] ^^Ti^. K->:/^>^:7 h^g«:fi?*!Tbr 

[0 04 6 ] l^S'^>f-i$^>::^*z if^t. mm 
OH) 2. <tilJld<DH{*lt (©H) 2, (Dffl^-jfiSiiS 

10 [0 047] 



D=l/Vl + l/'4 (ra~lXm) •sin C2»'d/^A) 



(4) 



2^ /^Zg *^^^^^^''^'^^^^2S^'^?*'^o 



[d/A] max = 0. _2_ ^ 



[d/A] Din = , 

4 4 



1 _2 

2 • 2 

5 
4 

[0 04 8 ] c(D®^?SjS3i#t4i¥iffii*mrti. mm<o 

*^ZMHz. 4MH2CD>'^■;^:;^t'-Ar^-i>o 2 MHz 
2MH zCD^^iS^s;bx^ffil^/c<h^cD-X7^>U;^ 

[ 0 0 4 9 ] E4/^)^6t;1/$ A»TiJ, 1/2^S 

7'>u:;^mmx^t. l/2ifi?SO<5:#tcii5tC7i^Tcfc'5 

[0 05 0 ] C(Dll4*5j:2>'ll5©^1ff;{?^6. TJU^r. 
AgriiS/lcci* L 1 /2^Sgfc i / 1 mm^^ 

mii^^mmc^cx{.^^ctf3^ioi)^^^ 

[0 0 5 1 ] C (Dm 4 J: t^'S 5 CDS^ifiSiiit$tt»tff 



4_ n 
2 2 



2n+l 



(5) 



30 



40 



50 



[0 0 5 2] c(DMmtiMmm(,at. ^^nccm^^mM^ 

^0^?Sm^{t:^^D$'t±&/c25?>CcnM?&52 5rnn<^i/h^ 

U2:*:cDM?US5§^«fflU. -^cDig^Cc F :7'^K® 
l^i^iftS^l 0^. {i&:5"^DKg(cm®?Sfi:if^-en^n 

[0 0 5 3 ] coi§j»?]fearK§i^i^rii. SJJSfia (® 

km^^mmLx*5^. mmmmntmmmmmnflo 

x^n^n^m'e:^^^^ntj:^tc. mwm^msfi o^c 
J: ^^m^i^i^commmmt i :$:<d^^?^ f ^ > x rx. 
—9-2 3 x^^mmi^±(D^u&^^^m^yj\^cc'<Q -o x 
3}ta6. c<omM^^^m^\^xm&t\^fc^ 
[0 0 5 4 ] Y v^''y'^%m.m.mM\^m^^^t. mm 

N - O F F m<0\L±.iy^ 0 "^tlTi)^ 0 T^^^tiffir $> 0 . 

^^^m^tm'mt^^< . nm^<m^x^h<Dx\ 

^t«c«tcD2Sntc>Ptr^?j£g4>fflS<i:<§U^-C^^c CCD 
[0 05 5] *|feBau:Ofe^> F V -y'^y^&^'m^um 
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2)(Dm'§mhvl^XV=^--^2 3i <i = l. 2- 
[0 05 7 ] h'y y'^^^mmmMi lOA^tV y 

[ 0 0 5 8 ] s/c. CCD F y''y^^m-kmM\ i o a 

r^UVPzL::^.:; h 1 3 i&M^^ h ^>Xt>^ --9-2 

( r ♦ ^ • t) * 
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* 3 i t(Dm^C 1 ■&<D'^Jl/^:7'U^-rf 3 0^^t:rrm-^€: 

#g^xn-S^m-^$:rr>h-^-i? 1 7(Cillfi-r44aa 
cDfSiS^ria^C ti)^X'ti>. ^;^^:7'^^1;^3 0?:iSC:f 

[0 05 9 ) ie^l ltC^WiSb^>XS^^— 9-2 3 i 

( i = 1 -N) ^N{itg#c*t/ctt. 1 m^^jgn 

^B^ral t CDS^Mm ( t ) ( 2 ) ^:!&i6yC3K(Z>ct ^ 
[0 0 6 0 ] 

m\ 0] 



m (t) ^pII^ 



r • d r ♦ d e 



) S {f V (r • ^ I . t) • r • d r 



C6> 



[ 0 0 6 1 ] UV Pnjn.:; h 1 3?()^6B#r0l 

ttctei^r. sffii^^ h'7>x>^^-it2 3 loaij^,^ 
xmimmi&wo^m^m^iix^^^t^j: ^i,ctx^x 

[0 06 2 ] S2^S£jB.^tCfcur ti. 12© 1 l (D^m 
If CC 8 ffl(D^#ig h'7>::^>^^-1f23 ^f^S L /cC^^ 
TjkLfci)^. C(Dm^. ®Wffi?h5>;^^S?.r-if3 2«iE 

iStt^ltfiC^ ^<om. Sffi1i^Sh^>;^t?^-1f2 3 

[0 06 3 ] c<oh' y y'^^^^i^mmtf \ 0A{t. m 

W&h'7>XZy:x-V2 3f)^hmM^ti^mW{&^'^)i^::^ 



[0 0 6 4] ^CDI^. ^^i^h'7>Xt;^^-if2 3«3 

^^^X. 3<STo.ffi^r?i'rffi^«h^>y^t^^-1f2 3 

30 J: < fJiST ^ C i t!)^ ^ -E) « 

[A] t$gjJg?jS£i$cDB$FBl^#-^d? h;i>'^?t?^atei^-&:^a 

1 C l:b$5W;^nS. m«2 8 0 rwrKDSe© 1 1 ^ 

^<Oti^3;^C7c<D?f^^«E<b3^j:-E>o 
[0 0 6 5 ] ^®iSU-cjUcD^g|-C{^^ □S2 8 0mmCD 

2 3 142 0*iil:?5iS]«:^raPiiccSSrSti:^K:sgL//cc c 

tl^fS3CDM#fta*2 0° tcS:SL/c. 
[0 06 6] C(D K ::''5'^^ig3£Sff 6C^n:r-2>S# 
h ^ -if 2 3 i C7)ieg^itTiJ 2 0:$CDaiJS 
*gML;«>^6*SW^c:2 3 1 <i(7>3X.«^.±C02 ^^^Tcilfi-^^ 

1 1 I^^■c:^dt^^^lsalJ^^^{$ i 2 (Dgitn^iriH^fSB^® (sij 

S^MLCC4dW^M#4:fta (2 0- ) (J. fil»rcB:;?rS](-C 
50 B*«:®iET?)Ci*^r'#^o ) T'2:^7GV::^ f>i>'«: 
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tf^cc\ nrsiti^omA-^^ VJV^^^^^^ctf)^r' 
$>K>. C(DifeSCCj3!:;Ct:UVP:x^-> h 1 3<DM^iti: 
rati 6 4msGc'C$)o/Cc 

[0 06 7 ] CcDHg^rt^:. UVPa.:^ .> h 1 3^C-;?';L/ 
h'7>X>>^-if 2 3 i ?r 1 0 2 4+j^(D::?'P :7 ^ - 

zi>h:-:x--^ 1 7T'S#MJIL/Cc HI 8 1* C (Dcfc ^ L 
r*8?)6n/c:^nSiB^ ( 2 8 O rrm* ) 11 rt^^tn-s 
Mffl'JSSiEftl 2(DB#rBWi^CCfct:t6iia-^^ b;Hg|?:7n 

;?:CC. Xmm:^'r>\y:^mm'B (l^S2 5 Orrmc/). 4 0 

i^h^omm^^mL. ®^^^^^>xt^zz.-1^2 3^^ 

[0 06 8 ] ccDiTuaifj^^i.^. mmm^^>y'^m^ 
mmyi<>y'2-^<Di^. fl»?affl^>i7. ^^mmm^. mm 

c^. tm^i-y'ommmE^'^^fractmi m(D:^y^:yU 

[ 0 0 6 9 ] iSMaiJSi^Slti. 2 5Omm0fecfc?>'4OO 

2. 4MH2'C7vStftJgi h^>:;?:>^^ 
-t^S^S;ir^igi^JS^f^^;|:1f ---<-Y L/C. 

[0 07 0 ] f , 7:>M MH 2 . gij^i^i^gpcD 

(l^S2 5 0mm</>) ^rfflSU. 1 0<D.e#?S h ^ > X 

[ 0 07 1 ] m9fttm'^i[&h'7>y^i^:x—^f)^h(D7^m 
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[ 0 0 7 2 ] S/c. K :7'^Siffi^i^Stattti. iigB# 
CD-iSncDS^CC>r^LT4>. 5 0msec- 1 0 0msec(D2]^ 

[ 0 0 7 3 ] la 1 1 \t.m 1 0 6C73^$n}^cilJgB#(Dl^;:g^# 

ftl 0Ccj:?)jS¥it$14ftitiagr*ia 1 OteJrO'Hl 1 CC^ 

[0 07 4] u/c:05o-r. Yvy'^^m^mmM\^m 
ccDfcit. mmiHoy^^cM±(Dmm4:mmiy. mm 

[ 0 0 7 5 ] 0 1 2 ^^*#feBJtC^S K y ^'^^Wj^Sg 

[0 0 7 6] c(DmmBm(rc^s$utc f y^y^m'^m 

SfeMft 1 0 Bti. ®^i8?h'7>;^y:r— 2 3 i SCCU 
VP^xj:.':; h i S^mMU. &UVP:x^^:; h 1 3 

t^-So ftecDI^i^K^^. IEi7CCij^$n'i)^#i^?iSsait<tM;^cC 

[ 0 0 7 7 ] S 1 2 CC^^ n/c F :7'5'^a#iSS£Mit 
. 1 0 B(3:Sffi#i^h ^>Xi^^>-1;^2 3 i StCU VP:x 

6cf@6BS»JSJU. 54SiLri^^r'*^<Dr\ leei loM 

40 [0 07 8 ] 

[^B^CDxjJ^] «±tcai^/c<fc e>^^:^H^^{^s F :7- 

m'ri>ctf)^x^. c(Dm.ii:^^^m^oxmmmm^ 
i)^x^^<ox\ nnv.m<DiMtim^xtj:< . ^mMtKm 

tn^x^ho 

[0 07 9 ] S /c. ^§m(^%h F V :7*5iCffl§?S8£M 
50 mt. i2Sl*3^fi£n5>aSJSiS(*(Di£2»?H?:aS*iSCD 
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[0 0 8 1 ] $6^c^/c. mWmV'y>:^i^^-V'^0> 

±(D l^^.rJt^T^cfc ^^CiegT'Si. iS^{igT'<DiI 20 

[0 08 2] ^fc. *|fe0«CCl1^^ F 
f tt^ . F 7* ^ :7 h b T *^aiJS*L#cDvfiijm^Cc 

'{Q ^ a^ji^j ^^S'JS-r ^ c <!: J: 0 . ^rs ^i^n 
iESiccfflS-r^ ctf)^x'^ 30 

[iaffiCDSWj:t5SB^] 

[m 1 ] :^§m(>ci^^i> F '7'^^®^?g?fbMitCD— ^JfS 
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[me] ss^rt^sfen^ifi?aa$cDaL««ij^3&5 f v ^^y^ 

[117 ] ^:#feB^OC^-i> F ':?*^^®^?e?fufiitCD^2 * 

[Ha] sE^l^^tjfen^W)^^^^*cD1t»^ffi 

[H 1 0 ] 2^lfeB^^c<^^ F y :7'^^^&?jfefiltcoi£;^ 
[ia 1 1 ] HI GO— gB^rSC^J-fl^CCBSFBrnAbTn^T 



[El 1 2 ] :$I^B^CC<?^5 F V zr'y^^=^WMAt\<^^'^ 
[?f-^0|jiaS] 

I 0 F :7'5SSWi^«ESit 

I I wm 

1 2 %mmtx.\% 

1 3 e^ieae^^ti-»J:3-:^ F ( U V P F ) 

1 5 jS^i^iild^^S 

1 6 «£»ii«^ffi»J^^IS 

17 r3>t:^-^ 

1 8 ^jh^m. 

2 0 ^Jgfl 

2 1 s.^v'? 

2 2 fi#ffe*g§ 

2 3 S^^fi^F^>:^t>^-1^ 

2 4 tfitiil 

2 5 AD^mH 

2 6 TSSiEt»fl?ita«JlPlK 

3 0 vjl/^:7'U^1f 



[117 ] 
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